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2012.04.0Abstract A study was done to investigate whether certain ﬁngerprint methods can recover latent
ﬁngerprints on glass and metal surfaces submerged in water. Donors intentionally placed ﬁnger-
prints on glass and burnished metal surfaces. The surfaces to be examined were exposed to the inﬂu-
ences of stagnant water during different time intervals. Finger marks were recovered with Silver
Special powder, small particle reagent (black and white) and cyanoacrylate. The best results were
achieved with cyanoacrylate. Our study has shown that the duration of exposure to stagnant water
and the methods selected for enhancement had an inﬂuence on the quality of detected ﬁnger marks.
ª 2012 Forensic Medicine Authority. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Criminal offenders have two basic goals, i.e., to successfully
commit a criminal offence and to remain undetected, in order
to avoid responsibility for their illicit conduct. They usually
tread carefully and try to not leave any traces at the crime
scene. Sometimes they try to destroy the traces they left, for
example by throwing items, e.g., bottles, ﬁrearms, etc. in water.
These objects are difﬁcult to detect and traces are subjected to
destructive effects of the environment. This can represent a dif-
ﬁculty for experts investigating ﬁnger marks.
Objects from which ﬁnger marks are lifted are porous or
non-porous surfaces. Latent ﬁngerprints can be found in wet
environments. These surfaces can be wet by water from several1 47 34 789.
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02sources. When checking specialist literature1 we found that
ninhydrin and DFO were of no use in revealing latent ﬁnger-
prints on wet surfaces because the amino acids left by the
ﬁngers are dissolved on contact with water. It is possible to ﬁnd
some ﬁnger marks only if you use some technique with utilisa-
tion of lipidic prints left on the surface. Beaudion et al.2 talked
about Oil Red O technique for revealing latent ﬁngerprints on
wet and porous surfaces. Kabklang et al.3 used eleven formulae
of SPR. They investigated and evaluated the optimal formula
for latent ﬁngerprint detection on wet non-porous surfaces.
SPR is good for detecting latent ﬁngerprints left on wet sur-
faces, where there is a reaction between the fatty components
in the traces and hydrophobic tails of the speciﬁc reagents.4
Tails are linked to a hydrophilic head, which reacts with metal
salt to give a white or black precipitate. Polimeni et al.5 showed
that exalting latent ﬁngerprints left on plastic, glass and metal
wet surfaces is possible with the SPR technique independently
from the time latent ﬁngerprints were in contact with water.
For these non-porous surfaces cyanoacrylate-type (Super Glue)
is a recommended technique also.6 Soltyszewski et al.7
evaluated the effect of a water environment on ﬁngerprint
development and DNA typing. Four different types of waterby Elsevier B.V. All rights reserved.
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were recovered from objects that had been submerged in water
for up to six weeks, without DNA proﬁles. The best results were
achieved by ferromagnetic powder and cyanoacrylate fuming.
Onstwedder8 used six different ﬁrearms in water at time inter-
vals ranging from eight to thirty-ﬁve days. Results revealed that
SPR yielded more suitable impressions that cyanoacrylate ester
fuming followed by black powder, which is one of the basic
method for detecting latent ﬁngerprints.9 In another experi-
mental study10 they used pieces of aluminium, glass and pistol
cartridges recovered from river water. The ﬁnger marks were
detected by black powder and CA fuming.
The purpose of our study is to determine the suitable meth-
od for recovering ﬁnger marks on glass and metal surfaces
recovered from stagnant water, to be used at crime scenes
when it is thought that the perpetrator may have handled or
touched those objects and thrown them into water.
2. Materials and methods
In this study only those methods which are most often applied
by Slovenian forensic experts were used. We used 54 glass
plates (6 · 12 cm) and 20 metal plates (the bottom of cartridge
box, approx. 3 · 4 cm).
First, a forensic light source, i.e., side white light, was used
to visually scan for latent ﬁngerprints on the surface of glass
and metal surfaces prior to ﬁngerprint deposition. No traces
were detected on the examination site. Second, the site was la-
belled with a number or symbol.
Six donors, ﬁve male, one female, were chosen from ten
participants because of their known ability within our labora-
tory to be good ﬁngerprint donors, three for glass and three for
metal. Participants deposited ﬁngerprints on glass and metal,
exerting medium pressure. Their hands were washed prior to
ﬁnger mark deposition. During the deposition of ﬁnger marks
the contact time was between 3 and 5 s. Donors deposited
three ﬁngerprints on each glass surface and four ﬁngerprints
on each metal surface (both sides). The procedure took one
hour as there were short intervals between each deposition.
Finger mark depositions were carried out and detections
were done in a forensic laboratory where the conditions were
under control, with room temperature ranging between 20 C
and 24 C and relative humidity at roughly 60%.
Thus 135 prints and 27 control prints were deposited on
glass, and 80 prints and 10 control samples were deposited
on metal.
After the deposition of all ﬁnger marks, all samples were
placed in stagnant water. Four plastic containers were used,
ﬁlled with cold drinking water from the water supply network.
After an adequate interval, samples were removed from the
water and dried in the air, at room temperature of 20 C, with
the exception of samples where ﬁnger marks were developed
immediately by using SPR.
Finger marks were recovered immediately after the impres-
sion had been deposited and then 1, 24, 48 168 h post deposition
for glass surfaces and 4, 24, 48 and 168 h for metal surfaces.
Each set of conditions was repeated in duplicate and examined
with enhancement technique SPR, CA and powder Silver
Special for glass surfaces and CA and SPR for metal surfaces.
In total 215 ﬁngerprints were subject to enhancement. Any
results obtained were recorded by a Canon EOS 5D camera.2.1. Enhancement methods
2.1.1. Visual examination
Visual examination11,12 was used prior to other methods. The
latent prints were examined using white light.
2.1.2. Powder/brush
Silver Special powder11–13 B-32000 (100/250 mL) manufac-
tured by BVDA was used for detection as a physical method.
The powder was applied to the examined area with a round
ﬁngerprint brush with squirrel hair.
2.1.3. Small particle reagent (SPR)
We used SPR-100 made by Sirchie, which is a suspension of
ﬁne particles of molybdenum disulﬁde (MoS2), a laboratory
detergent and water. SPR is manufactured in different colours,
i.e., dark, light and ﬂuorescent colour. For development on
metal surfaces, white SPR was used, and on glass surfaces
black SPR was used.12
2.1.4. Cyanoacrylate (CA)
Samples on glass and metal surfaces were taken from the water
and ﬁrst dried at room temperature for approx. 30 min.
In order to develop latent ﬁngerprints on metal surfaces
with CA fuming,12,14 a ﬁngerprinting development chamber
manufactured by Kambic was used, where the relative humid-
ity and temperature could be controlled. The fuming process
lasted for 30 min. CA was used in a plastic dispensing bottle.
In order to develop latent ﬁngerprints on glass surfaces with
CA gel, a ﬁngerprint development chamber manufactured by
Sirchie, type FR-200 was used. The CA used was in gel form
under the trade name Hard Evidence by Loctite. These ﬁnger-
print developing pouches are an easy to use one-part fuming
system. Each peel-open pouch contains CA in a gel form.
Immediately before use we separated both sides to allow the
CA to evaporate inside cardboard box at room temperature.
A container ﬁlled with water was also placed into the chamber
to increase humidity and accelerate the polarisation of CA on
ﬁngerprint traces. During the procedure the quality of devel-
oped ﬁnger marks was checked every thirty minutes. On aver-
age the procedure of developing ﬁngerprint traces in the
chamber lasts approx. two hours.
2.2. Finger marks examinations
Samples with developed ﬁnger marks were examined under the
microscope. Finger marks were divided into four groups: A, B,
C and D, based on the visible sample and the number of indi-
vidual characteristics according to the usability of traces for
further ﬁngerprint examinations. Each ﬁnger mark was graded
by 3 ﬁngerprint experts from our laboratory as follows:
- A; ﬁnger mark good for identiﬁcation (an entire proﬁle of
the friction ridge and at least 12 individual features can
be observed);
- B; ﬁnger mark suitable for further examinations (a partial
proﬁle of the friction ridge and between 8 and 12 individual
features can be observed);
- C; mark of no use (less then seven individual features);
- D; no observed mark.
50 M. TrapecarThe explanation for this A, B, C and D groups is necessary
to consider in Tables 1–6.3. Results and discussion
3.1. Silver Special
The quality of developed ﬁnger marks on glass surfaces after
immediate development was excellent as two thirds of devel-Table 2 An overview of results of developing ﬁnger marks on metal
ﬁve time intervals.
Method Time (h) No. of deposited marks A
No. of
marks
SPR (white) 0 8 3
4 8 2
24 8 3
48 8 1
168 8 1
Total 40 10
Part (%) 100.0 25.0
CA 0 8 4
4 8 4
24 8 2
48 8 4
168 8 3
Total 40 17
Part (%) 100.0 42.5
Table 1 Overview of results of ﬁnger mark development on glass su
ﬁve time intervals.
Method Time (h) No. of deposited marks A
No. of
marks
Powder Silver Special 0 9 6
1 9 5
24 9 4
48 9 2
168 9 0
Total 45 17
Part (%) 100.0 37.78
SPR (black) 0 9 4
1 9 8
24 9 5
48 9 1
168 9 1
Total 45 19
Part (%) 100.0 42.2
CA 0 9 7
1 9 9
24 9 5
48 9 0
168 9 2
Total 45 23
Part (%) 100.0 51.11oped marks were good for identiﬁcation, and the remaining
third were suitable for further examination (Table 1). After
hour-long exposure to water, just over a half of marks were
suitable for identiﬁcation, compared to just under a half of ﬁn-
ger marks after one day. After one week no usable ﬁnger mark
was developed. Despite the simplicity of the procedure care had
to be taken not to put too much of the ﬁngerprint powder on
the ﬁnger mark since the marks were very sensitive. Marks
can easily get smudged and thus unusable. The results showed
that the ﬁngerprint powder used is not suitable for developingsurfaces that have been exposed to the effects of stagnant water in
B C D
Part
(%)
No. of
marks
Part
(%)
No. of
marks
Part
(%)
No. of
marks
Part
(%)
37.5 4 50.0 1 12.5 0 0
25.0 5 62.5 1 12.5 0 0
37.5 4 50.0 0 0 1 12.5
12.5 4 50.0 2 25.0 1 12.5
12.5 2 25.0 3 37.5 2 25.0
19 7 4
47.5 17.5 10.0
50.0 3 37.5 1 12.5 0 0
50.0 2 25.0 2 25.0 0 0
25.0 4 50.0 1 12.5 1 12.5
50.0 2 25.0 0 0 2 25.0
37.5 1 12.5 3 37.5 1 12.5
12 7 4
30.0 17.5 10.0
rfaces that have been exposed to the effects of stagnant water in
B C D
Part (%) No. of
marks
Part (%) No. of
marks
Part (%) No. of
marks
Part
(%)
66.7 3 33.3 0 0.0 0 0.0
55.6 3 33.3 1 11.1 0 0.0
44.4 4 44.4 1 11.1 0 0.0
22.2 2 22.2 5 55.6 0 0.0
0.0 0 0.0 1 11.1 8 88.9
12 8 8
26.67 17.78 17.78
44.4 4 44.4 1 11.1 0 0.0
88.9 1 11.1 0 0.0 0 0.0
55.6 1 11.1 3 33.3 0 0.0
11.1 2 22.2 6 66.7 0 0.0
11.1 1 11.1 5 55.6 2 22.2
9 15 2
20.0 33.3 4.4
77.8 1 11.1 0 0.0 1 11.1
100.0 0 0.0 0 0.0 0 0.0
55.6 4 44.4 0 0.0 0 0.0
0.0 1 11.1 8 88.9 0 0.0
22.2 3 33.3 4 44.4 0 0.0
9 12 1
20.00 26.67 2.22
Table 3 The number and percentage of developed ﬁnger marks by method used––glass surfaces.
Time A (%) B (%) C (%) D (%) Total
Silver Special 17 37.8 12 26.7 8 17.8 8 17.8 45
SPR 19 42.2 9 20.0 15 33.3 2 4.4 45
CA 23 51.1 9 20.0 12 26.7 1 2.2 45
Table 4 The number and percentage of developed ﬁnger marks by method used––metal surfaces.
Time A (%) B (%) C (%) D (%) Total
SPR 10 25.0 19 47.5 7 17.5 4 10.0 40
CA 17 42.5 12 30.0 7 17.5 4 10.0 40
Table 5 The percentage and number of all developed ﬁnger marks on glass by the duration of exposure to water.
Time (h) A (%) B (%) C (%) D (%) Total
0 17 63.0 8 29.6 1 3.7 1 3.7 27
1 22 81.5 4 14.8 1 3.7 0 0.0 27
24 14 51.9 9 33.3 4 14.8 0 0.0 27
48 3 11.1 5 18.5 19 70.4 0 0.0 27
168 3 11.1 4 14.8 10 37.0 10 37.0 27
Total 59 43.7 30 22.2 35 25.9 11 8.1 135
Table 6 The percentage and number of all developed ﬁnger marks on metal by the duration of exposure to water.
Time (h) A (%) B (%) C (%) D (%) Total
0 7 43.75 7 43.75 2 12.50 0 0 16
4 6 37.50 7 43.75 3 18.75 0 0 16
24 5 31.25 8 50.00 1 6.25 2 12.50 16
48 5 31.25 6 37.50 2 12.50 3 18.75 16
168 4 25.00 3 18.75 6 37.50 3 18.75 16
Total 27 33.75 31 38.75 14 17.5 8 16.6 80
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the effects of stagnant water for longer than a week. Some of
the results can be seen in Fig. 1.
3.2. SPR
With immediate development just under a half of usable
marks were developed on glass surfaces; the same is true of
marks usable for further examination. After 1 h exposure to
water, the majority of traces were suitable for identiﬁcation.
After 24 h of exposure to the effects of water, over a half
of marks suitable for identiﬁcation were developed, while
one third of developed marks were unusable. The results of
developed prints after 48 and 168 h exposure to water were
quite similar (Table 1). Some of the results can be seen in
Fig. 2.
Compared to ﬁngerprint powder, the SPR method is more
effective for developing latent ﬁnger marks on glass surfaces
exposed to water for longer periods. Not a single usable ﬁnger
mark was developed after 168 h by using ﬁngerprint powder,
while one fourth of marks developed by means of SPR wereuseable. Besides, SPR had a much smaller share of undevel-
oped marks than was the case with ﬁngerprint powder.
With immediate development with SPR just over a third of
marks good for identiﬁcations were developed on metal sur-
faces and a half of marks for further examination. After four
hours, a quarter of marks developed were good for identiﬁca-
tion and almost two thirds for further examination. After two
and seven days respectively more than half of traces were of no
use or not observed (Table 2).
3.3. CA
By using the CA gel Hard evidence almost a quarter of marks
good for identiﬁcation were developed and a tenth of marks
suitable for further examination and undeveloped after expo-
sure of ﬁnger marks on glass to water. Given that after an
exposure of one hour all developed marks were suitable for
identiﬁcation, the poor results during the ﬁrst time interval
were deﬁnitely a consequence of poorly deposited ﬁnger marks
on glass surfaces. After 24 h of exposure to water just over a
half of marks good for identiﬁcation were developed, while
Figure 1 Silver Special powder, ﬁnger mark recovery after 48 h
from glass surface.
Figure 2 SPR, ﬁnger mark recovery after 168 h from glass
surface.
Figure 3 CA, ﬁnger mark recovery after 24 h from metal
surface.
52 M. Trapecarafter 48 h the majority of traces were unusable with no ob-
served basic pattern or with fewer than seven individual char-
acteristics. Despite poor results after 48 h the results of
developing ﬁnger marks after 168 h were the best compared
to the results obtained by means of ﬁngerprint powder and
small particle reagent. The results can be seen in Table 1.
With developing by means of CA on metal surfaces a half
of developed marks were good for identiﬁcation during most
time intervals (Table 1).
On average, CA yielded the best results of all the methods
used. Finger marks useable for identiﬁcation and furtherexamination were successfully developed on both glass and
metal surfaces also after the longest, i.e., 168 h exposure to
stagnant water. Some of the results can be seen in Fig. 3.
3.4. The effect of the method used on the development of ﬁnger
marks
By comparing results of the ﬁnger mark development on glass
with the Silver Special powder, SPR and CA it was established
that the largest percentage of ﬁnger marks suitable for identi-
ﬁcation and further comparison, were developed by means of
CA. This is followed by SPR with developed marks for identi-
ﬁcation, marks for further comparisons and ﬁngerprint pow-
der with marks good for identiﬁcation and marks for further
comparisons. Fingerprint powder yielded the fewest unusable
marks while also producing the highest percentage of undevel-
oped papillary line traces. This can be seen in Table 3.
By comparing the results of developing ﬁnger marks on me-
tal by means of SPR and CA it was established that the per-
centage of ﬁnger marks suitable for identiﬁcation was higher
with CA than with SPR. The percentage of undeveloped marks
was the same with both methods (Table 4).
3.5. The inﬂuence of the duration of water exposure on the
development of ﬁnger marks
The effectiveness of developing ﬁnger marks and their quality
fell in proportion with the lengthening of duration of exposure
to the effects of stagnant water. After momentary exposure to
water the percentage of developed papillary line traces on glass
suitable for identiﬁcation and further examination amounted
to two thirds and on metal just over 40%. The percentage of
developed prints on glass improved after 1 h exposure to
water. After 24 h the percentage of prints on glass suitable
for identiﬁcation was just over one half and of those suitable
for further examination one third. The percentage of unusable
marks on metal was a third and half respectively. After 48 h
and168 h the percentages of marks suitable for identiﬁcation
Finger marks on glass and metal surfaces recovered from stagnant water 53and marks useable for further examination both decreased,
while the percentage of unusable marks increased.
On the basis of the results it is evident that the duration of
the inﬂuence of water on ﬁnger marks has a great negative ef-
fect. By extending the duration of exposure to water the num-
ber of developed useable ﬁnger marks is reduced and more
ﬁnger marks remain undeveloped. The ﬁndings can be seen
in Tables 5 and 6.
4. Conclusion
Before the experiment we assumed that the quality of the
development of ﬁnger marks on objects found in water would
depend on the time of exposure to water and the method used
for the development of ﬁnger marks. The results of the exper-
iment conﬁrmed both our hypotheses.
The time of exposure of ﬁnger marks to the effects of stag-
nant water deﬁnitely inﬂuences the number and quality of
developed marks. Given the large number of undeveloped
marks in the last interval we can justiﬁably expect that the per-
centage of undeveloped marks would keep increasing with the
duration of exposure to water.
The quality of developed ﬁnger marks also depends on the
method use. Several methods were used in the experiment. The
results showed that themost effectivemethod for developing ﬁn-
ger marks on glass and metal objects exposed to water is CA.
The experiment established and conﬁrmed that ﬁnger
marks on glass and metal can be developed even after having
been exposed to water for 168 h.Acknowledgements
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